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CHAPTER 1

101. GENERAL

The timely provision of military materiel with acceptable levels of
sential to the achievement of the required operational effectiveness,
h acceptable life cycle costs. R & M requirements must be reallsc1c
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102. SCOPE AND APPLICABILITY OF NATO R & M TRAINING

In the most simple terms, people who require training in the theory
i £ .
L
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a. those who are full-time and specialized R & M practitioners,
advisers or consultants

b. those whose work involves them in decisions or management processes

concerned with R & M or brings them into contact with specialized

n £ M :»,\

R & M practitioners.

g}

By its very nature, specialized R & M knowledge is normally only
acquired by attendance at a second degree course or equivalent; such training

will normally be conducted only by Universities or comparable Institutions. The
definition of such training is not an appropriate subject for this publication
and will not be considered further. It remains only to be said that, in the
procurement of modern military equipment, the availability of specialized R & M
advice at this level is regarded as essential. Suitably trained and qualified
specialists must therefore be available and their advice sought at the earliest
possible date
NATO UNCLASSIFIED
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This publication is addressed to the second category and it is
emphasized that training at this level should cover the broadest possible tield:
purchasing and procurement staff concerned with the procurement of NATO
materiel, contractors involved in design, development and production and also
those responsible for NATO material in-service.
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CHAPTER 2

R & M TRAINING COURSES

201. GENERAL

For obvious and practical reasons, it is not possible to cover all the
areas and levels, below that of the full-time specialist, for which R & M
training is appropriate. Practical experience has shown that there are, in
fact, two levels for which training is both extremely important and feasible.

202. TRAINING FOR SENIOR MANAGERS AND ENGINEERS

Senior staff, both in government procurement agencies and industry,
should be aware of the need for comprehensive R & M programmes during
development but require only a broad over-view of the subject. Any project
management training course should include appropriate coverage of R & M. This
may not in itself be sufficient and it is recommended that one-day seminars on
R & M are organized in order to guarantee the widespread dissemination of the
fundamentals of R & M at this level.

An example seminar syllabus is at Annex A. It should be noted that
seminars of such short duration need not be confined to a centralized training
location but can be taken to the recipients, thus making it easier for senior
staff to attend.

203. TRAINING FOR MIDDLE LEVEL MANAGERS AND ENGINEERS

At the middle levels of managemeut and engineering, staff are in more
immediate and regular contact with R & M programmes and require a more detailed
knowledge of the subject. At this level, a one week course is suggested. A
possible outline syllabus is at Annex B. Such courses are best conducted at
residential training centres where maximum use can be made of the available time
and opportunities exist for practical work and syndicate discussion. The list
of topics should not be regarded as exhaustive; variations may well have to be
made to suit the broad classes of equipment being covered or the available
instructional talent. The value and importance of including selected real-life
examples in such training is emphasized.
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A-1 ANNEX A to

SYLLABUS FOR A SENIOR STAFF SEMINAR
ON THE ACHIEVEMENT OF NATO R & M REQUIREMENTS

SESS TN T™DTCCQ ADDDAY T IMD
[O R AEO R a9 AV A LU Luo Qrf[\\iﬂ ILlJL:_
(Mins)
LA
1. INTRODUCT ION Aims of the Seminar - organization of sessions - 15
structure and role of NATO ARMPs
2 TERMINOLOGY Definition of R & M terms - organization of 30
AN MITY—AT [ G P T s - ER) PUSK R
AIND TIA LN resources - uginreungnce coucept — talrioring
CONCEPTS concept ITmnAartancrae nf R & M tA anhanc~rad
ARV, Nsadix A-: (OR R YL P\-. Lllll_}ul cauec A 0 A i v cCuirauuLcu
operational effectiveness and reduced
through-life costs.
3 SPECIFICATION Specification of R & M Requirements 40
4. GENERAL R & M programme - engineering requirements - 60
DENITTREMENTCQ tvamnmahility  dntarfonne amd mmmr Ao e i
nLyu Ll\Llll:llii LidCEdqU 1l 1 I LYy rirteritdced 4dud Cd ordailiudue 1ot
quantitative requirements - documentation
5. TASKS Scope of tasks - management of tasks - 80
importance of design - trade-off studies -
testing - reliability growth - monitoring
sub-contractors and suppliers - feedback
during production cycle - intluence of software
6. IN-SERVICE Data collection - monitoring achievement - 30
R &M corrective action
7. SIMPLE CASE Examples of typical R & M successes and failures 60
STUDIES
8 CONCIIIGTON Qitmmaryv and cenaral digrugginn 45
8 CONCLUSION Summary and general discussion 45
Total time 360
ANl A T nN T N~ A € C T R T E D
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OVERALL REQUIREMENTS - Importance of R & M - need for
common pollcy within NATO - developmeunt of ARMPs -

contractual b[aLUb of ARMPs - use in collaborative
t
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rojects - tailc
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TERMINOLOGY - Basic definitions of availability

reliability and maintainability - meaning of
purchaser and contractor - failure and repair
definitions - failure rates and repair time
distributions - critical and life-limited items -
mission profiles
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FAIIURK_CAQQE% - Failures due to d u
to manufacturing defects, due to maintenance and mal-
operation - early life, random and wear-out fallu es

modes of operation and levels of failure
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Establishment of R & M programme
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design phase - R &
interfaces and co-ordination - programme
documentation - need for traceability
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ANNEX B to B-2
ARMP -5
8 CASE STUDY - For a typical defence project
examine and discuss the specifications, contracts
and nroeoramme nlan to maat tha R £ M raaguiromoent o
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9. SYNDICATE EXERCISE - Briefing on exercise to be
undertaken by the students in syndicates during
the course - suggested topic: to write or review

a R & M programme plan for a typical Defence project

Total Time

v ENVIRONMENTAL CONDITIONS - determining duty

cycles - environmental conditions experienced
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11 ALLOCATIONS - allocation and apportionment of

R & M requxrement

12 RELIAB r

similar parts count, parts stress
analysis - MIL Hdndbook 217D and relevant
computer programs - manual exercise and
demonstration of computer analysis (it possible)
- example ot prediction - reliability
apportionment

"ION - Similar equipment,
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MAINTAINABIL
skill levels |
reliability centred malntenance - maintenance
engineering analysis - integration of maintainability
data with logistic support
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- Markov analysis -
Monte Carlo simulation - maintainability models -
evaluation of intended level of repair - requirements

for updating models
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15 FAILURE MODES EFFECTS AND CRITICALITY ANALYSIS -

Purpose of failure modes effects analveis (F‘MFA\ —
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plication - procedure - functional and hardwdre
approaches - criticality analysis - relationship
to FMECA - MIL Standard 1629A - examples

e

m

z

A

[

0 UNCLASSIFIED

R-?
[o 4

o
-

£~
C



16

18

—
el

20

21

(%]
o

~No
(w0

ARMP5S-7

B-3 ANNEX B to
{\RMP-S
FAULT TREE ANALYSIS - Application - symbols -
construction - top/event fault - common mode
failures - minimum cut sets - examples

Total Time

R & M DESIGN CRITERIA - Importance of R & M in
design - contractors' role - reliability design
criteria - reliability design guidelines -
maintainability design criteria - diagnostic
strategy - maintainability design guidelines -
design criteria for human functions - updating

B A s Ty ocrmaals od o

chujlcmcuLa - Sluedan Clll,ulL dllaLyDJD

SOFTWARE R & M - Contribution of software to system

R & M - software development strategies - test

programs - verification and validation - support
technology and tools - software problems

NCCTANN DU TRLIC — NaAaaA Fmv Fawvrmal Aacion -A"1A- L=
Lo LU NLV 1LwWY Ngcou LulL LtuLuwial ucalsl LT VITwWDO
frequency - attendance - content - check lists -

presentation - case studies

ENVIRONMENTAL STRESS SCREENING - Purpose of

environmental stress screening (ESS) - ESS application -
methods and techniques - ESS test plan - analysis

~AF roanlte anAd ~Avvrantiun antinAnnc

of results and corrective actions

RELIABILITY GROWTH - Test,

test (RDGT) plan - case studies

M n..r;]iFi,«aru\n Test Prpooramme - Purnogose nf
Moyuall
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programme - reliability qualification test (RQT)
RQT plan - maintainability qualification test (MQT)
MQT plan - criteria of compliance - cost factors -
integration with overall qualification testing

plian

analyse and fix prionciple
- growth planning - monitoring - theoretical models -
contractual aspects - reliability development/growth

PRODUCTION RELTABILITY ACCEPTANCE TEST (PRAT) PROGR
Purpose - criteria of compliance - cash limits -
PRAT plan
Total Time
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TRADE-OFF STUDIES - Purpose ot trade-oft studies -
trequency - parameters considered

¢

CRITICAL AND L
critical items - identification and listing -
control and Speclal handling - life-limited
items - avoidance of use - factors limiting item
lives - determlnatlon of item lives - monitoring
of critical life- ited items - input to
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IFE-LIMITED ITEMS - Importance ot

S
W =

n
4

may 3
d 1t

-

-t

eau o
equ

nto
e lL.b

f')

Y
[Sd

(')

tena

INTEGRATION OF PURCHASER-SUPPLIED EQUIPMENT - R & M

characteristics of purchaser- supplied equipment
(PSE) - provision of information by purchaser -
need for evaluation and validation ot R & M

information for PSE - co-operation between
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MONITOR/CONTROL OF SUB-CONTRACTORS AND SUPPLIERS -

Monltorlng/control of sub-contractors and >upp119rs
R & M programmes

FAILURE DATA REl
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failure causes, failure mechanisms - relationship to
design reviews - need for data accuracy
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IVE ACTION

loop data reporting during development
arly corrective action, failure detinition,

15

30

based on failure causes - maintenance

data centres - use of in-service data in specifications

CASE STUDY - Based on a typical defence project and
requiring trade-off studies and the management of

Arvirinal and 1if
cridcical ana 1ir

SYNDICATE EXERCISE - Continuation of syndicate work

Total Time

SYNDICATE EXERCISE PRESENTATIONS - Presentations

and discussion by syndicates of results of course
exercise

60

90

350

180
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33 COURSE SUMMARY - Review of topics covered and questions 30
raised by gtudents
L“a Dy = vy SLuUuCuIC o
34 COURSE APPRATSAL 20
Total Time 230
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